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(54) Surface inspection system 

(57) A surface inspection system for projecting a la- 
ser beam to a surface of a substrate (5) and for detecting 
a foreign object by detecting scattered reflection light of 
the laser beam (2), comprising a light source unit (12) 
having a plurality of light emitting sources (1a,1b) for 
emitting the laser beams (2a t 2b), and a projecting opti- 
cal system (7) for projecting the laser beam from each 
of the light emitting sources to the surface of the sub- 
strate. Preferably, laser beam (2a,2b) from at least one 
light emitting source (1a,1b) is entered at a predeter- 
mined angle with respect to the optical axis of an image 
forming forming lens (4) of said projecting optical system 
(7). At least one of wavelength, polarization state, or 
light intensity of said light emitting sources (1 a, 1 b) is ad- 
justable so that a flat reflectivity variation curve can be 
obtained. 
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Description 

[0001] The present invention relates to a surface in- 
spection system for inspecting a very small foreign ob- 
ject or a very small flaw such as a crystal defect on a 
surface of a substrate such as a semiconductor wafer. 
[0002] A surface inspection system is used for detec- 
tion of a foreign object or a flaw on a surface of a sub- 
strate by projecting a laser beam on the surface of the 
substrate and by detecting scattered reflection light 
caused by the foreign object or the flaw. As a light emit- 
ting source for the surface inspection system, means 
such as a gas laser (He, Ar, etc.) has been used in the 
past. In recent years, a laser diode (LD) is used because 
of easiness to handle, safety, and longer service life, etc. 
[0003] Fig. 27 represents a conventional type project- 
ing optical system, using the laser diode as the light 
emitting source. 

[0004] A laser beam 2 emitted from a light emitting 
source 1 is turned to a parallel beam by a collimator lens 
3, and the beam is converged to a surface of a substrate 
5 such as a wafer (a projecting point 18 at a converging 
position "f" by an image forming lens 4) by the image 
forming lens 4. The laser beam 2 is projected to the sub- 
strate 5 at an angle of 0. A scattered reflection light de- 
tector (not shown) detects a scattered reflection light 
from a position deviated from a reflection optical axis of 
the laser beam 2, e.g. from a direction approximately 
perpendicular to the paper surface. Distribution of a pro- 
jected light intensity at the projecting point 18 is as 
shown in Fig. 28. 

[0005] When the entire surface of the substrate 5 is 
to be inspected, the projecting point 18 is moved in a 
radial direction from the center to the outer edge of the 
substrate at a predetermined speed while the substrate 
5 is being rotated. Fig. 28 shows distribution of the pro- 
jected light intensity of the laser beam 2 at the projecting 
point 1 8. It represents a condition where the substrate 
5 is rotated by one turn and the projecting point 18 
moves from a scanning position "u" to a scanning posi- 
tion "u + 1 ". In this case, the speed of the projecting point 
18 in the radial direction is the moving speed over a dis- 
tance of "p" in the radial direction per one turn of the 
substrate 5. 

[0006] Light amount of the scattered reflection light re- 
flected by the foreign object or the flaw is influenced by 
the projected light intensity of the projected laser beam, 
and accuracy of detection of the foreign object or the 
flaw is also influenced by the projected light intensity of 
the laser beam. Therefore, in order to maintain a prede- 
termined detection accuracy, it is necessary to have the 
projected light intensity higher than a predetermined 
light intensity I. The amount of movement "p" per one 
turn of the substrate as shown in Fig. 28 is determined 
so that the required projected light intensity I is main- 
tained. 

[0007] Wavelength of the laser beam 2 projected to 
the substrate surface is related to detection sensitivity 



and detection accuracy. By decreasing the wavelength 
or by increasing the projected light intensity, it is possible 
to improve the detection sensitivity. Therefore, by wid- 
ening the range of projection while the projected light 
5 intensity is maintained at uniform level, it is possible to 
increase the detection accuracy while maintaining the 
detection sensitivity. 

[0008] For quality control of a product, it is necessary 
to perform surface inspection of the substrate 5. For in- 
fo stance, in a process to manufacture a semiconductor 
product, a process of surface inspection for the sub- 
strate 5 is incorporated in the manufacturing process. 
[0009] In recent years, density of semiconductor de- 
vice is becoming higher, and there have been demands 
15 on the more improvement of detection sensitivity and 
detection accuracy of the surface inspection system. 
The surface inspection system is required to detect fur- 
ther very small foreign object or flaw on the surface of 
the wafer. Also, the inspection time required for surface 
20 inspection exerts influence on the throughput of the 
product, and it is desired to carry out the surface inspec- 
tion quickly. 

[001 0] In the conventional cases as described above, 
when the projected light intensity of the laser beam is 
25 increased, peak value of the projected light intensity dis- 
tribution is also increased. The detection sensitivity and 
the detection accuracy is improved by increasing the 
projected light intensity. In case the increase of the de- 
tection accuracy is not required, the amount of the 
30 movement for one turn of the substrate, i.e. scanning 
pitch "p", is increased if the necessary projected light 
intensity is not changed. As a result, number of turns of 
the substrate necessary for the scanning of the entire 
surface of the substrate 5 is decreased, and this leads 
35 to the reduction of the time of surface inspection. 

[001 1 ] However, in case the laser diode is used as the 
light emitting source, despite of the fact that the laser 
diode has various advantages such as easiness to han- 
dle, safety and longer service life, there is such problem 
40 that it has lower light emission amount compared with 
the gas laser, etc., and there is a limitation to the in- 
crease of the projected light intensity. If the projected 
laser beam has shorter wavelength, the detection accu- 
racy is improved. In this respect, the use of a laser diode 
45 emitting a blue laser beam with shorter wavelength is 
desirable. However, compared with a red laser diode, 
etc., the blue laser diode has further lower light emission 
amount, and it has such problem that enough light 
amount necessary for the surface inspection system 
50 can not be provided. To reduce the time for inspection, 
it is desirable to have wider projection range on the sub- 
strate surface. However, if the projection range is wid- 
ened, the intensity of the projected light beam is de- 
creased, and there has been such problem that both of 
55 detection sensitivity and detection accuracy become 
lower. 

[0012] As described above, in the surface inspection 
system, the detection of the foreign object or the flaw is 
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performed based on the detection of scattered reflection 
light. The scattered reflection light delicately changes 
according to the property of the substrate surface, i.e. 
type of film and film thickness. For instance, in case of 
a silicon oxide film (Si0 2 ) which is formed on the surface 
of a silicon wafer, it is known that reflectivity changes 
according to film- thickness. Also, it is known that the 
change of the reflectivity varies periodically according 
to film thickness, and the changes of the reflectivity is 
different also according to wavelength of the light. 
[001 3] Fig. 29 shows a reflectivity variation curve cor- 
responding to film thickness for laser beams with 3 dif- 
ferent wavelengths (488 nm, 680 nm, and 780 nm) when 
a silicon oxide film (Si0 2 ) is formed on the surface of the 
substrate. 

[0014] The sensitivity to detect the foreign object or 
the flaw is approximately correlated with reflectivity on 
the substrate surface. When the reflectivity becomes 
lower and light amount of the scattered reflection light 
is decreased, detection accuracy becomes lower. 
Therefore, in order to maintain a predetermined detec- 
tion accuracy at a stable level, it is necessary to select 
the wavelength of the projected laser beam to match the 
type of film and film thickness. 
[0015] In the conventional type surface inspection 
system as described above, it is necessary to set the 
wavelength of the laser beam to match the type of film 
and film thickness, and this adversely affects working 
efficiency. Further, the film thickness is not completely 
uniform for the entire surface of the substrate, and there 
is possibility that the reflectivity may vary according to 
each point of the substrate surface. When the reflectivity 
varies, there is possibility that the detection accuracy 
may vary. 

[0016] It is an object of the present invention to pro- 
vide a surface inspection system, by which it is possible 
to provide sufficient projected light intensity and which 
contributes to the improvement of inspection accuracy 
and to the improvement of throughput. It is another ob- 
ject of the present invention to provide a surface inspec- 
tion system, by which it is possible to perform inspection 
in stable manner and with high accuracy without being 
influenced by the type of film or film thickness on the 
surface of the substrate. 

[0017] The present invention provides a surface in- 
spection system for projecting a laser beam to a surface 
of a substrate and for detecting a foreign object by de- 
tecting scattered reflection light of the laser beam, com- 
prising a light source unit having a plurality of light emit- 
ting sources for emitting the laser beams, and a project- 
ing optical system for projecting the laser beam from 
each of the light emitting sources to the surface of the 
substrate. Also, the present invention provides the sur- 
face inspection system as described above, wherein the 
projecting optical system turns the laser beams to par- 
allel beams having optical axes parallel to each other 
and projects the light beams to the surface of the sub- 
strate. Further, the present invention provides the sur- 



face inspection system as described above, wherein the 
projecting optical system comprises an image forming 
lens, and an optical member arranged to match each of 
the light emitting sources and for projecting the laser 

5 beams from the light emitting sources to the image form- 
ing lens. Also, the present invention provides the sur- 
face inspection system as described above, wherein op- 
tical axes of the light beams entering the image forming 
lens from the light emitting sources are made parallel to 

10 each other. Further, the present invention provides the 
surface inspection system as described above, wherein 
optical axes of the light beams entering the image form- 
ing lens from the light emitting sources are made parallel 
to an optical axis of the image forming lens. Also, the 

15 present invention provides the surface inspection sys- 
tem as described above, wherein optical axis tilting 
means for tilting an optical axis is provided on at least 
one optical axis of the light beams entering the image 
forming lens from the light emitting sources. Further, the 

20 present invention provides the surface inspection sys- 
tem as described above, wherein the laser beam from 
at least one light emitting source is entered at a prede- 
termined angle with respect to the optical axis of the im- 
age forming lens. Also, the present invention provides 

25 the surface inspection system as described above, 
wherein the projecting optical system projects the laser 
beams from each of the plurality of light emitting sources 
so that projecting positions on the substrate surface are 
deviated from each other. Further, the present invention 

so provides the surface inspection system as described 
above, wherein the projecting optical system has the im- 
age forming lens, and optical axis tilting means for tilting 
an optical axis is provided on at least one optical axis of 
the light beams entering the image forming lens from 

35 the light emitting sources. Also, the present invention 
provides the surface inspection system as described 
above, wherein the projecting optical system comprises 
one image forming lens, and an optical member ar- 
ranged to match each of the light emitting sources and 

40 for entering the laser beam from each of the light emit- 
ting sources to the image forming lens, and at least one 
of the optical axes of the laser beams entering the image 
forming lens from the light emitting sources is tilted with 
respect to the optical axis of the image forming lens. Al- 

45 so, the present invention provides the surface inspec- 
tion system as described above, wherein the projecting 
positions are deviated in a direction crossing a scanning 
direction. Further, the present invention provides a sur- 
face inspection system for projecting a laser beam to a 

50 surface of a substrate and for detecting a foreign object 
by detecting scattered reflection light of the laser beam, 
comprising a light source unit having a plurality of light 
emitting sources for emitting the laser beams, and a pro- 
jecting optical system for projecting the laser beam from 

55 each of the light emitting sources to the surface of the 
substrate so that reflection characteristics on the sub- 
strate surface differ from each other. Also, the present 
invention provides the surface inspection system as de- 
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scribed above, wherein at least one of the plurality of 
light emitting sources emits a light beam with different 
wavelength. Further, the present invention provides the 
surface inspection system as described above, wherein 
the projecting optical system comprises a polarizing 
member, and polarizing state of at least one laser beam 
of the plurality of light emitting sources is changed by 
the polarizing member. Also, the present invention pro- 
vides the surface inspection system as described 
above, wherein the projecting optical system further 
comprises an image forming lens, and an optical mem- 
ber arranged to match each of the light emitting sources 
and for entering the laser beam from the light emitting 
source to the image forming lens. Further, the present 
invention provides the surface inspection system as de- 
scribed above, wherein the light emitting sources are ar- 
ranged in form of matrix. Also, the present invention pro- 
vides the surface inspection system as described 
above, wherein the plurality of light emitting sources can 
independently change light emitting condition. Further, 
the present invention provides the surface inspection 
system as described above, wherein the optical axis tilt- 
ing means is a wedge prism. Also, the present invention 
provides the surface inspection system as described 
above, wherein the optical axis tilting means is a reflec- 
tion mirror. Further, the present invention provides the 
surface inspection system as described above, wherein 
among the light emitting sources arranged in form of ma- 
trix, an optical axis of the laser beam from a light emitting 
source belonging to a row or a column is tilted. Also, the 
present invention provides the surface inspection sys- 
tem as described above, wherein each of the plurality 
of light emitting sources has an optical path independ- 
ently, and there is provided an optical path switching 
means on the optical path. Further, the present invention 
provides the surface inspection system as described 
above, wherein at least one of arrangement, wave- 
length, polarization state or light intensity is adjusted in 
the plurality of the light emitting sources so that a flat 
reflectivity variation curve can be obtained. Embodi- 
ments of the invention will now be described, by way of 
example, with reference to the drawings, of which: 

Fig. I is a schematical drawing to show a basic ar- 
rangement of a surface inspection system accord- 
ing to an embodiment of the present invention; 
Fig. 2 is a drawing to explain a projecting optical 
system of the surface inspection system; 
Fig. 3 is a diagram showing light amount distribution 
at a projecting point in the projecting optical system; 
Fig. 4 is a drawing to explain a projecting optical 
system of a second embodiment of the present in- 
vention; 

Fig. 5 is a diagram showing light amount distribution 
at a projecting point in the second embodiment: 
Fig. 6 is a drawing to explain a projecting optical 
system of a third embodiment of the present inven- 
tion; 



Fig. 7 is a drawing to explain a case where an optical 
axis is tilted in the projecting optical system of a 
fourth embodiment of the present invention: 
Fig. 8 is another drawing to explain a case where 
5 the optical axis is tilted in the projecting optical sys- 
tem of the fourth embodiment of the present inven- 
tion; 

Fig. 9 is a diagram showing distribution of the pro- 
jected light intensity at a projecting point in the pro- 
10 jecting optical system: 

Fig. 1 0 is a drawing to explain an optical axis tilting 
means in the projecting optical system; 
Fig. 1 1 is a drawing to explain a projecting optical 
system of a fifth embodiment of the present inven- 
ts tion; 

Fig. 1 2 is a drawing to explain a projecting optical 
system of a sixth embodiment of the present inven- 
tion; 

Fig. 1 3 is a diagram showing distribution of the pro- 
20 jected light intensity at a projecting point of the pro- 
jecting optical system of the sixth embodiment; 
Fig. 14 is a drawing to explain a projecting optical 
system of a seventh embodiment of the present in- 
vention; 

25 Fig. 1 5 is a diagram showing distribution of the pro- 
jected light intensity at a projecting point in case an 
optical axis is turned to parallel in the projecting op- 
tical system shown in Fig. 2; 
Fig. 1 6 is a diagram showing distribution of the pro- 

30 jected light intensity at a projecting point in case an 
optical axis is turned to parallel in the projecting op- 
tical system shown in Fig. 12; 
Fig. 1 7 is a diagram showing distribution of the pro- 
jected light intensity at a projecting point when light 

35 emitting sources are arranged in form of matrix; 

Fig. 18 is a drawing to explain a projecting optical 
system of a surface inspection system of an eighth 
embodiment of the present invention: 
Fig. 19 is a diagram showing the relation between 

40 the change of film thickness and reflectivity when a 
laser beam of a single wavelength is projected to a 
surface of a substrate; 

Fig. 20 is a diagram showing the relation between 
the change of film thickness and reflectivity when 
45 laser beams of single wavelength with different po- 
larization are projected to the surface of the sub- 
strate; 

Fig. 21 is a drawing to explain a projecting optical 
system of a surface inspection system of a ninth 

50 embodiment of the present invention; 

Fig. 22 is a drawing to explain a projecting optical 
system of a surface inspection system of a tenth 
embodiment of the present invention; 
Fig. 23 is a drawing to explain a projecting optical 

55 system of a surface inspection system of an elev- 
enth embodiment of the present invention; 
Fig. 24 is a drawing to explain a projecting optical 
system of a surface inspection system of a twelfth 
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embodiment of the present invention; 
Fig. 25 is a drawing to explain an example of an 
optical path switching means in the twelfth embod- 
iment of the invention; 

Fig. 26 (A) and Fig. 26 (B) each represents another 
example of the optical path switching means in the 
twelfth embodiment; 

Fig. 27 is a drawing to explain a projecting optical 
system of a conventional type surface inspection 
system: 

Fig. 28 is a diagram showing the relation between 
projected light intensity and scanning pitch in the 
conventional type surface inspection system; and 
Fig. 29 is a diagram showing the relation between 
the change of film thickness of the film formed on 
the substrate surface and reflectivity of laser beams 
having different wavelengths. 

[0018] Description will be given below on embodi- 
ments of the present invention referring to the drawings. 
[0019] First, general features of the surface inspec- 
tion system will be described referring to Fig. 1 . 
[0020] In the figure, reference numeral 5 denotes a 
substrate to be inspected such as a wafer. The surface 
inspection system primarily comprises a scanning drive 
mechanism 6, a projecting optical system 7, and a de- 
tection system 8. 

[0021] The scanning drive mechanism 6 comprises a 
substrate holder 9 for holding the substrate 5. The sub- 
strate holder 9 is rotatably supported by a rotary drive 
unit 10. The rotary drive unit 10 is moved linearly in a 
radial direction in parallel to a rotating surface of the sub- 
strate 5 by a linear drive mechanism 11 . 
[0022] The projecting optical system 7 comprises a 
light source unit 12 for emitting a laser beam 2, serving 
as an inspection light, deflection optical members 13 
and 14 such as mirror for deflecting the laser beam 2 
from the light source unit 1 2 toward the substrate 5, and 
a lens group 15 for converging the laser beam 2 to the 
surface of the substrate 5. The detection system 8 com- 
prises photodetectors 1 6 and 1 7 having photodetection 
optical axes, which run perpendicularly to an optical axis 
of the laser beam 2 projected to the surface of the sub- 
strate 5. 

[0023] In the surface inspection of the substrate 5, the 
laser beam 2 is projected to the surface of the substrate 
5 by the projecting optical system 7 while the substrate 
5 is rotated by the rotary drive unit 1 0, and further the 
rotary drive unit 10 is moved in the radial direction by 
the linear drive mechanism 11 . 
[0024] By stepwise movement with a predetermined 
pitch of each one turn of the substrate 5 or by continuous 
movement of the rotary drive unit 10 at a predetermined 
speed, a projecting point 18 of the laser beam 2 is 
moved from the center toward the outer edge of the sub- 
strate 5 along a locus of concentric circles or a spiral 
circle. As a result, the entire surface of the substrate 5 
is scanned by the laser beam 2. 



[0025] During the process to scan the surface of the 
substrate 5 by the laser beam 2, if there is a foreign ob- 
ject or a flaw on the surface, the laser beam 2 is reflected 
by scattering reflection. The scattered reflection light is 

s detected by the photodetectors 1 6 and 1 7 of the detec- 
tion system 8 arranged at predetermined positions. A 
signal from the photodetectors 16 and 17 is processed 
by an arithmetic operation unit (not shown), and the for- 
eign object or the flaw can be detected. 

w [0026] Fig. 2 is a schematical drawing to show general 
features of the surface inspection system of the present 
invention. Deflection optical members 13 and 14 are not 
shown in Fig. 2. 

[0027] The light source unit 12 has two sets of light 
is emitting sources 1a and 1b. Laser beams 2a and 2b 
coming from the light emitting sources 1a and 1b are 
turned to parallel beams separately by collimator lenses 
3a and 3b and are converged to the surface of the sub- 
strate 5 by an image forming lens 4. Optical axes of the 
20 collimator lenses 3a and 3b are respectively in parallel 
to an optical axis of the image forming lens 4 in the basic 
arrangement, and the laser beams 2a and 2b emitted 
from the light emitting sources 1a and 1 b are converged 
to the same projecting point 1 8 by the image forming 
25 lens 4. 

[0028] The light emitting sources 1a and 1b can be 
independently controlled, and the intensity of the pro- 
jected light beams of the laser beams 2a and 2b emitted 
from the light emitting sources 1a and 1b can be 

30 changed. The laser beams 2a and 2b may have the 
same wavelength or may have different wavelength. Be- 
cause the reflectivity on the surface changes according 
to wavelength in case the light passes through a trans- 
mission film, etc., detection sensitivity is influenced by 

35 this change. By having different wavelength, the influ- 
ence on the wavelength of the reflecting condition on 
the surface of the substrate 5 can be decreased. The 
projecting point 1 8 is positioned on or near a focal plane 
of the image forming lens 4. 

40 [0029] When the laser beams 2a and 2b from the light 
emitting sources 1 a and 1 b are converged to the same 
projecting point 1 8 by the image forming lens 4, distri- 
bution of light amount of the laser beam 2 at the projec- 
tion point 18 is as shown by a solid line in Fig. 3, and 

45 the light amount at the projecting point 1 8 is increased. 
In Fig. 3, light amount distribution of each of single laser 
' beams 2a and 2b is shown by a broken line. 
[0030] Even when the light amount of the emitted light 
from a single light emitting source is low, the desired 

so projection light intensity can be obtained. 

[0031] In the above embodiment, two sets of light 
emitting sources are used, while three sets or more, i. 
e. a multiple of light emitting sources may be used. 
[0032] Fig. 4 shows a second embodiment of the 

55 present invention where a multiple of light emitting 
sources 1a, 1n are used. 

[0033] It is designed in such manner that collimator 
lenses 3a, 3n are provided to the light emitting 
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sources 1a 1n respectively so that laser beams 

2a, 2n are projected to a single image forming lens 

4 via the collimator lenses 3a, 3n respectively. Op- 
tical axes of the collimator lenses 3a, 3n are made 

parallel to an optical axis of the image forming lens 4. 
[0034] In this embodiment, all of the laser beams 

2a 2n are converged to a single projecting point 1 8. 

As shown in Fig. 5, the intensity of the projected light at 
the projecting point 1 8 is about "n" times as high as the 
light intensity of a single light emitting source 1 . In Fig. 
5, light intensity is represented on an axis of ordinate, 
and space is represented on an axis of abscissa. 
[0035] In Fig. 4, a plurality of the light emitting sources 
1 are arranged in a single column, while these may be 
arranged in form of matrix containing a plurality of col- 
umns. 

[0036] Because the light source unit 1 2 has a plurality 
of light emitting sources 1 , distribution of light amount 
at the projecting point 1 8 can be adjustable. 
[0037] Fig. 6 shows a third embodiment of the inven- 
tion. In this third embodiment, the light emitting sources 
1a and 1b are arranged at positions separated from 
each other. 

[0038] The light emitting source 1a and a collimator 
lens 3a provided to match the light emitting source 1a 
are arranged at positions crossing with respect to an op- 
tical axis of an image forming lens 4, for example, at 
positions along an optical axis crossing perpendicularly 
the optical axis of the image forming lens 4. A laser 
beam 2a emitted from the light emitting source 1a is re- 
flected by a reflection mirror 21a in a direction parallel 
to the optical axis of the image forming fens 4 and is 
guided toward the image forming lens 4. 
[0039] A light emitting source 1 b and a collimator lens 
3b are also provided in similar arrangement. A laser 
beam 2b emitted from the light emitting source 1 b is re- 
flected by a reflection mirror 21 b and is projected in par- 
allel to the optical axis of the image forming lens 4 and 
enters the image forming lens 4. 
[0040] The laser beams 2a and 2b emitted from the 
light emitting sources 1 a and 1 b are converged to a pro- 
jecting point 18 by the image forming lens 4. 
[0041] In case there are three or more light emitting 
sources 1 in the third embodiment as described above, 
the light emitting sources 1 and the collimator lenses 3 
should be arranged at positions along a radial line hav- 
ing its center on the optical axis of the image forming 
lens 4. 

[0042] Next, Fig. 7 is a drawing to show a fourth em- 
bodiment, in which an optical axis of a collimator lens 3 
is tilted with respect to the optical axis of the image form- 
ing lens 4. 

[0043] When the optical axis of the collimator lens 3 
is tilted with respect to the optical axis of the image form- 
ing lens 4, the projecting point 18 is moved. Therefore, 
if the optical axis of each of the collimator lenses 3a and 
3b is tilted, projecting points 18a and 18b of the light 
beams from the light emitting sources 1 a and 1 b are de- 



viated from each other. 

[0044] The distribution of light intensity of the project- 
ed light at the projecting point 1 8 under the optical con- 
ditions shown in Fig. 8 is turned to the synthesized light 
5 intensity distribution of the laser beams 2a and 2b 
shown in Fig. 9, and it is approximately in trapezoidal 
form as shown by a solid line in the figure. In this case, 
if it is assumed that the necessary projected light inten- 
sity is I and a pitch of scanning is obtained, it is p' as 
shown in Fig. 9. As reference, the pitch of scanning in 
case a single laser beam is projected is given by p in 
Fig. 9. 

[0045] The direction to synthesize the laser beams is 
a direction crossing the scanning direction, or more pref- 
erably, crossing the scanning direction perpendicularly. 
That is, a radial direction of the substrate 5 is represent- 
ed on the axis of abscissa in Fig. 9. 
[0046] As a result, the range (width) of a predeter- 
mined projected light intensity in the projecting point 18 
is widened. Thus, it is possible to increase the amount 
of movement of the projecting point 1 8 in the radial di- 
rection for each rotation during scanning operation. This 
makes it possible to decrease the number of rotations 
of the substrate 5 in case of total scanning. Accordingly, 
the time for surface inspection can be reduced while the 
detection sensitivity is kept stable. 
[0047] When the optical axis of the collimator lens 3 
is tilted with respect to the optical axis of the image form- 
ing lens 4, the optical axis itself of the collimator lens 3 
is tilted with respect to the optical axis of the image form- 
ing lens 4, while it may be designed in such manner that 
an optical axis tilting means is provided with respect to 
the collimator lens 3, and the optical axis of the collima- 
tor lens 3 may be tilted with respect to the optical axis 
of the image forming lens 4 by this optical axis tilting 
means. 

[0048]' As the optical axis tilting means for tilting the 
optical axis of the collimator lens 3, wedge prisms 19 
may be placed on the optical axis of the collimator lens 
3 as shown in Fig. 1 0, and the wedge prisms 1 9 may be 
rotated in adequate manner. Further, the laser beam 2 
emitted from the light emitting source 1 may be guided 
toward the image forming lens 4 by a deflecting means 
such as mirror, and the deflecting means may serve as 
the optical axis tilting means. 

[0049] Fig, 1 1 shows a fifth embodiment. A plurality of 
light emitting sources 1 a and 1 b and collimator lenses 
3a and 3b are arranged on a radial line with its center 
on the optical axis of the image forming lens 4. Laser 
beams 2a and 2b are deflected by reflection mirrors 21 a 
and 21 b so that the laser beams enter the image forming 
lens 4. In the projecting optical system shown in Fig. 11 , 
when the reflection mirrors 21a and 21b are tilted, the 
optical axes of the laser beams 2a and 2b are tilted with 
respect to the optical axis of the image forming lens 4. 
[0050] Fig. 1 2 represents a sixth embodiment. A mul- 
tiple of light emitting sources 1a, 1n are arranged 

along a straight line, and collimator lenses 3a 3n 
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are respectively arranged with respect to the light emit- 
ting sources 1a 1n so that laser beams 2a, 2n 

are projected toward a single image forming lens 4 via 

the collimator lenses 3a, 3n respectively. As basic 

arrangement, optical axes of the collimator lenses 5 

3a, 3n are made parallel to the optical axis of the 

image forming lens 4, and wedge prisms 19 as in Fig. 
10 (not shown in Fig. 12) are arranged for each of the 
optical axes respectively. 

[0051] The optical axes of the collimator lenses 

3a, 3n are tilted more gradually as the optical axes 

are separated from the optical axis of the image forming 

lens 4. Then, projecting points 18a, 18n of the laser 

beams 2a 2n coming from the light emitting sources 

1a 1n are synthesized being deviated from each 

other in a radial direction (a direction perpendicular to 
the scanning direction) of the substrate 5. As a result, 
the distribution of the projected light intensity in flat trap- 
ezoidal form as shown in Fig. 13 is obtained. Therefore, 
a scanning pitch can be increased further, and number 
of turns of the substrate 5 necessary for the total scan- 
ning can be decreased further. 
[0052] In the above embodiment, the laser beams 2a 
and 2b are projected to the same image forming lens 4. 
In a seventh embodiment shown in Fig. 1 4, laser beams 
2a and 2b emitted from the light emitting source 1 a and 
1 b are turned to parallel beams by collimator lenses 3a 
and 3b. Then, the laser beams 2a and 2b are deflected 
by reflection mirrors 21 a and 21 b, and the laser beams 
are converged independently to the same projecting 
point 18 via the image forming lenses 4a and 4b. 
[0053] In the projecting optical system as described 
above, light converting points 18a and 18b of the laser 
beams 2a and 2b can be deviated in a radial direction 
of the substrate 5 by the reflection mirrors 21 a and 21b, 
and the projected light intensity distribution as shown in 
Fig. 9 can be obtained. 

[0054] Next, when the light beams of the laser beams 
2a and 2b are turned to parallel to the optical axis of the 
image forming lens 4 in the arrangement of the project- 
ing optical system of Fig. 2, the light beams are con- 
verged to the same projecting point 1 8 as shown in Fig. 
15. The projected light intensity distribution is as shown 
by a solid line in Fig. 1 5, and the intensity of the projected 
light is increased by about two times. When all of the 

optical axes of the laser beams 2a 2n are turned to 

parallel to the optical axis of the image forming lens 4 in 
the arrangement of the projecting optical system of Fig. 

12, all of the laser beams 2a, 2n are converged to 

the same projecting point 18. The distribution of the pro- 
jected light intensity at the projecting point 1 8 is a sum 
of the projected light intensities of the laser beams 

2a, 2n as shown in Fig.16. 

[0055] Description has been given in Fig. 1 2 on a case 

where the light emitting sources 1a, 1 n are arranged 

in one column on a straight line, while it may be designed 
in such manner that these are further arranged in many 
columns as desired, and the light emitting sources 1 



may be arranged in form of matrix. 
[0056] When the light emitting sources are arranged 
in form of matrix, the projected light intensity distribution 
at the projecting point 1 8 can be adjusted as given below 
although it is not particularly shown in the figure. 
[0057] That is, optical axes of collimator lenses 
3a, 3n are tilted gradually in each column, and opti- 
cal axes of the collimator lenses 3b, 3m are ar- 
ranged in parallel in each row. Then, the projected light 
intensity distribution of flat trapezoidal form shown in 
Fig. 13 can be obtained for each column. Further, light 
amount of each of all columns is converged to the same 
point. As a result, the projected light intensity distribution 
is overlapped as many times as the number of rows. The 
projected light intensity distribution shown in Fig. 1 7 can 
be obtained, and it is possible to have the laser beams 
2 having the projected light intensity as desired and with 
wide projecting range. 

[0058] When the projected light intensity is increased, 
the inspection accuracy can be improved. In this em- 
bodiment, it is possible to attain improvement of the in- 
spection accuracy and improvement of the throughput 
at the same time. 

[0059] When the plurality of light emitting sources 1 
are used and the optical axes of the laser beams 2 are 
deflected by the optical axis tilting means, it is possible 
to obtain any projected light intensity distribution as de- 
sired and any forms of light beams at the projecting point 
as desired. 

[0060] Any projecting conditions can be obtained de- 
pending on the circumstances of the surface inspection, 
i.e. depending on whether preference is given to the 
throughput or to the increase of accuracy, etc. 
[0061 ] As described above, according to a surface in- 
spection system of the present invention, a laser beam 
is projected to a surface of a substrate, and a foreign 
object is detected by detecting scattered reflected light 
of the laser beam, and the surface inspection system 
comprises a light source unit having a plurality of light 
emitting sources for emitting the laser beam and a pro- 
jecting optical system for projecting the laser beam from 
each of the light emitting sources toward surface of the 
substrate. The range of projection is widened, which has 
a predetermined light intensity while maintaining a pre- 
determined projected light intensity. Thus, it is possible 
to have a scanning step for longer distance and to re- 
duce the time of surface inspection. 
[0062] There is provided optical axis tilting means for 
tilting an optical axis on at least one optical axis of the 
light beams entering an image forming lens from the 
light emitting sources. Or, the projecting optical system 
comprises an image forming lens and also comprises 
an optical member arranged to match each of the light 
emitting sources and for entering the laser beam from 
each of the light emitting sources to the image forming 
lens, and at least one of the optical axes of the light 
beams entering the image forming lens from the light 
emitting sources is tilted with respect to the optical axis 
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of the image forming lens. Accordingly, the projected 
light intensity distribution at the projecting point project- 
ed from a plurality of light emitting sources can be ad- 
justed to the light intensity distribution to match the in- 
specting condition. 

[0063] Fig. 1 8 is a schematical drawing of a projecting 
optical system 7 in a surface inspection system of an 
eighth embodiment of the present invention. In the fig- 
ure, deflection optical members 13 and 14 are not 
shown. 

[0064] The light source unit 12 has two sets of light 
emitting sources 1a and 1b. The light emitting sources 
1a and 1b can independently control light emitting con- 
ditions and can emit laser beams 2a and 2b with differ- 
ent wavelengths of X1 and A2 respectively. 
[0065] The laser beams 2a and 2b from the light emit- 
ting sources 1 a and 1 b are independently turned to par- 
allel beams by collimator lenses 3a and 3b respectively 
and are converged to the surface of the substrate 5 by 
a single image forming lens 4. Each of optical axes of 
the collimator lenses 3a and 3b runs in parallel to an 
optical axis of the image forming lens 4. The laser 
beams 2a and 2b emitted from the light emitting sources 
1 a and 1 b are converged to the same projecting point 
18 via the image forming lens 4. 
[0066] The laser beams 2a and 2b having different 
wavelengths from the light emitting sources 1a and 1b 
are converged and projected to the same projecting 
point 18 by the image forming lens 4. 
[0067] When the single laser beam is projected to the 
projecting point 1 8 from each of the light emitting sourc- 
es 1a and 1b, e.g. when the laser beam 2a with wave- 
length X1 is singly projected to the projecting point 18 
from the light emitting source 1a, the reflectivity of the 
scattered reflected light is periodically changed with re- 
spect to the change of film thickness just as the prede- 
termined wavelength shown in Fig. 29 in case the film 
is a silicon oxide film (Si0 2 ) as described above. Al- 
though not shown in the figure, in case the laser beam 
2b with wavelength X2 from the light emitting source 1 b 
is singly projected to the projecting point 18, the reflec- 
tivity is periodically changed with respect to the change 
of film thickness in a phase different from the case of 
the light emitting source 1a just as the different wave- 
length line shown in Fig. 29. 

[0068] Next, with regard to the reflectivity, when the 
laser beams 2a and 2b are projected at the same time 
from the light emitting sources 1 a and 1 b, synthesized 
reflectivity to match the change of film thickness is a syn- 
thesized value of the reflectivities of the laser beams 2a 
and 2b because the phase is deviated as shown in Fig. 
29. That is, the reflectivities of the laser beams 2a and 
2b are synthesized. As a result, peaks of the reflectivi- 
ties become almost flat, and reflectivity variation curve 
is turned to trapezoidal form. 

[0069] When the laser beams 2a and 2b with two 
types of wavelengths X^ and K2 respectively are pro- 
jected at the same time to the same projecting point 18, 



dropping of the reflectivity in predetermined two wave- 
lengths in Fig. 29 can be decreased. Thus, even when 
the film thickness is changed, the scattered reflection 
light due to a foreign object or flaw is stabilized, and de- 
5 tection accuracy is kept stable and is not changed. 
[0070] It may be designed in such manner that the la- 
ser beams with three or more different wavelengths may 
be mixed and are projected to the same projecting point. 
In this case, the reflectivity variation curve is a synthesis 
10 of reflectivities of the laser beams. If such a wavelength 
is selected that the phase of the reflectivity variation 
curve of the laser beams is deviated stepwise by ade- 
quate amount and if the projected light intensity is ad- 
justed, flat portion of the peaks of the reflectivity varia- 
15 tion curve is increased further, and it is more stabilized 
with respect to the change of film thickness. 
[0071] Fig. 21 shows an example of a projecting op- 
tical system where laser beams with three or more dif- 
ferent wavelengths are mixed together. 
[0072] Fig. 21 shows a ninth embodiment. In this em- 
bodiment, a multiple of light emitting sources 1a, 1 n 

are used. From the light emitting sources 1a 1n, la- 
ser beams 2a } 2n with different wavelengths respec- 
tively are emitted. 

[0073] The light emitting sources 1a 1n are ar- 
ranged in a linear direction, and collimator lenses 3a, 3n 
are disposed with respect to the light emitting sources 

1a, 1 n respectively so that the laser beams 2a, 

2n are projected to a single image forming lens 4 via the 
collimator lenses 3a t 3n. Optical axes of the collima- 
tor lenses 3a, 3n are made parallel to an optical axis 

of the image forming lens 4. 

[0074] In this embodiment, all of the laser beams 

2a, 2n having different wavelengths are converged 

to a projecting point 1 8. Reflectivities of the laser beams 

2a, 2n are synthesized, and a reflectivity variation 

curve in flat trapezoidal form is obtained. 
[0075] In the above embodiment, description has 
been given on a case where reflectivity is varied with 
respect to film thickness when the wavelength of the 
light beam is different. As shown in Fig. 1 8, it is known 
that, when an incident angle 9 of the laser beam 2 to the 
substrate 5 is increased, the polarizing state of the laser 
beam 2 exerts influence on the reflectivity. 
[0076] Now, description will be given on a tenth em- 
bodiment referring to Fig. 22. 

[0077] Fig. 22 is a schematical drawing of a projecting 
optical system 7 of the tenth embodiment of the inven- 
tion. In the figure, the same component as shown in Fig. 
1 8 is referred by the same symbol, and detailed descrip- 
tion is not given here. 

[0078] Light emitting sources 1a and 1b can inde- 
pendently control the light emitting condition. Laser 
beams 2a and 2b from the light emitting sources 1 a and 
1 b are turned to parallel beams independently by colli- 
mator lenses 3a and 3b respectively and are converged 
and projected to the surface of the substrate 5 by a sin- 
gle image forming lens 4. Each of optical axes of the 
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collimator lenses 3a and 3b is in parallel to an optical 
axis of the image forming lens 4. The laser beams 2a 
and 2b emitted from the light emitting sources 1a and 

1 b are converged to the same projecting point 1 8 by the 
image forming lens 4. 

[0079] Polarizing members 1 9a and 1 9b are remova- 
bly arranged respectively on optical axes of the laser 
beams 2a and 2b. The wavelengths of the laser beams 
2a and 2b emitted from the light emitting sources 1 a and 
1b may be the same or different from each other. In the 
following, description is given by assuming that the 
wavelengths are the same. It is also assumed that the 
incident angle 9 of the laser beam 2 to the substrate 5 
is an angle, at which polarizing state of the laser beam 

2 is reflected in the reflectivity. 

[0080] As the polarizing member, a polarizing plate, a 
1/2X plate, 1/4X plate, a polarization canceling plate (to 
turn polarized light to random polarization), etc. may be 
used. 

[0081] In Fig. 22, for instance, when the polarizing 
member 1 9a is placed only to the optical axis of the laser 
beam 2a, polarization state of the laser beam 2a is 
changed from that of the laser beam 2b. For this reason, 
difference occurs in the reflectivity variation curve with 
respect to the change of film thickness between the la- 
ser beam 2a and the laser beam 2b as shown in Fig. 19. 
In the synthesized reflectivity variation curve of the laser 
beams 2a and 2b t peak values are in flat form between 
0.6 urn and 0.7 \im in film thickness. 
[0082] In the tenth embodiment, even when film thick- 
ness is varied, the scattered reflection light due to a for- 
eign object or flaw is stable, and detection accuracy is 
stable and is not changed. 

[0083] By selecting the polarizing plate, the 1/2A. 
plate, the 1/4X plate, or the polarization canceling plate, 
the polarization state of the laser beam can be changed, 
and the reflectivity variation curve is also changed. 
Therefore, by adequately selecting the polarizing mem- 
bers 1 9a and 19b, which are placed on the optical axes 
of the laser beams 2a and 2b, it is possible to adjust the 
reflectivity variation curve of the laser beams 2a and 2b. 
[0084] It is needless to say that, when wavelengths of 
the laser beams 2a and 2b are changed, the reflectivity 
variation curve of the laser beams 2a and 2b is changed. 
By adequately selecting wavelength and polarization 
state of the laser beams, which are the factors to change 
the reflectivity variation curve, the range to adjust the 
reflectivity variation curve is widened, and it is possible 
to achieve the optimal reflectivity variation curve. 
[0085] Fig. 23 shows an eleventh embodiment of the 
invention. In this embodiment, the light emitting sources 
1 a and 1 b are provided at positions separated from each 
other, and the laser beams are mixed. 
[0086] A light emitting source 1 a and a collimator lens 
3a arranged at a position to match the light emitting 
source 1a are provided at positions crossing with re- 
spect to an optical axis of an image forming lens 4, for 
example, along an optical axis running perpendicularly 



to the optical axis of the image forming lens 4. The laser 
beam 2a emitted from the light emitting source 1 a is re- 
flected in a direction parallel to the optical axis of the 
image forming lens 4 by a reflection mirror 21a and is 

5 guided toward the image forming lens 4. 

[0087] A light emitting source 1 b and a collimator lens 
3b are provided in similar arrangement. A laser beam 
2b emitted from the light emitting source 1 b is reflected 
by a reflection mirror 21 b, runs in parallel to the optical 

10 axis of the image forming lens 4, and enters the image 
forming lens 4. 

[0088] By the image forming lens 4, the laser beams 
2a and 2b emitted from the light emitting sources 1 a and 
1 b are converged to a projecting point 1 8. 
is [0089] When there are three or more light emitting 
sources 1 in the above eleventh embodiment, the light 
emitting sources 1 and the collimator lenses 3 should 
be arranged on a radial line with its center on the optical 
axis of the image forming lens 4. 
20 [0090] In the eleventh embodiment as described 
above, if wavelengths of the laser beams emitted from 
the light emitting sources 1 a and 1 b are changed or po- 
larizing members 19a and 19b are removed from or 
placed on the optical axes of the laser beams 2a and 
25 2b, a reflectivity variation curve similar to the embodi- 
ment as given above can be obtained, and it is possible 
to achieve the optimal reflectivity variation curve. 
[0091] Fig. 24 shows a twelfth embodiment. In this 
embodiment, light emitting sources 1a and 1b are pro- 
30 vided at positions separated from each other as in the 
eleventh embodiment, and the laser beams 2a and 2b 
are mixed. 

[0092] A light source unit 1 2 has two sets of light emit- 
ting sources 1a and 1b provided at separate positions. 
35 The light emitting sources 1 a and 1 b can independently 
control the light emitting condition and emit laser beams 
2a and 2b having different wavelengths A.1 and X2 re- 
spectively. 

[0093] The laser beams 2a and 2b from the light emit- 
*o ting sources 1 a and 1 b are turned independently to par- 
allel beams by collimator lenses 3a and 3b respectively. 
A reflection mirror 22 is arranged on the optical axis of 
the laser beam 2a, and a half-mirror 23 is provided at 
an intersection of the optical axis of the reflection light 
45 from the reflection mirror 22 and the optical axis of the 
collimator lens 3b. 

[0094] The laser beam 2a is reflected by the reflection 
mirror 22 and the half-mirror 23 and it joins the laser 
beam 2b, which has passed through the half-mirror 23. 
50 Then, the laser beams are converged and projected to 
the projecting point 18 of the substrate 5 on the optical 
axis of the image forming lens 4. 
[0095] In the twelfth embodiment as described above, 
if the wavelengths of the laser beams emitted from the 
55 light emitting sources 1 a and 1 b are changed and if po- 
larizing members 19a and 19b are removed from or 
placed on the optical axes of the laser beams 2a and 2b 
respectively, a reflectivity variation curve as in the em- 
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bodiment given above can be obtained, and the optimal 
reflectivity variation curve can be obtained. 
[0096] In the twelfth embodiment as described above, 
it may be designed in such manner that the reffection 
mirror 22 and the half-mirror 23 are not used, and that 5 
the laser beam 2a from the light emitting source 1a is 
converged and projected directly to the projecting point 
18 by a deflection optical member 14' and an image 
forming lens 4', and the laser beams 2a and 2b may be 
mixed at the projecting point 18. In this case, the laser 
beams 2a and 2b have different incident angles with re- 
spect to the substrate 5, and reflection characteristics 
are also influenced by the incident angle. Thus, by 
switching over the optical path of the laser beams 2a 
and 2b, different reflection characteristics can be ob- 
tained. 

[0097] Fig. 25 shows an example of an optical path 
switching means. 

[0098] Reflection mirrors 24a and 25a are integrally 
and removably arranged on the optical axis of the laser 
beam 2a and reflection mirrors 24b and 25b are inte- 
grally and removably arranged on the optical axis of the 
laser beam 2b. When the reflection mirrors 24a and 25a 
and the reflection mirrors 24b and 25b are placed at the 
positions, the laser beam 2a is reflected by the reflection 
mirrors 24a and 25b and joins the optical axis of the laser 
beam 2b before the switching. The laser beam 2b is re- 
flected by the reflection mirrors 24b and 25a and joins 
the optical axis of the laser beam 2a before the switch- 
ing. Thus, each of the optical path is changed. 
[0099] Fig. 26 (A) and Fig. 26 (B) each represents an- 
other example of the optical path switching means. 
[0100] In this another optical path switching means, 
the light emitting sources 1a and 1b can be integrally 
rotated. By rotating the light emitting sources 1a and 1 b 
at an angle of 1 80°, the optical path is switched over. 
[01 01 ] In the embodiment shown in Fig. 21 , a plurality 
of light emitting sources 1 are arranged along a straight 
line. The light emitting sources may be arranged in as 
many columns as required, and a plurality of light emit- 
ting sources 1 may be arranged in form of matrix. 
[0102] In the arrangement in form of matrix, light in- 
tensity at the projecting point can be adjusted as given 
below although it is not particularly shown in the figure. 
Now, description will be given referring to Fig. 21. 
[0103] That is, for each column, wavelength is 
changed for the light emitting source 1 . Further, a polar- 
izing member 1 9 is placed or removed as appropriate. 
Reflectivity of each laser beam is synthesized for the 
first column so that the reflectivity variation curve of flat 
trapezoidal form can be obtained. Next, for the second 
column and after, it is turned to such state that reflectivity 
variation curve similar to that of the first column can be 
obtained. Optical axes of the collimator lenses 3 ar- 
ranged to match each of the light emitting sources are 
made parallel to the optical axis of the image forming 
lens 4. 

[0104] Under this condition, all of the laser beams 2 



are converged and projected to the projecting point 18. 
For each column, a reflectivity variation curve in flat trap- 
ezoidal form can be obtained. Further, light intensity of 
each column is summed up as many times as the col- 
umns, and the amount of the scattered reflection light is 
increased. 

[01 05] When the projected light intensity is increased, 
the detection accuracy is improved. When a plurality of 
light emitting sources 1 are arranged in form of matrix, 
stability of inspection accuracy with respect to the 
change of film thickness is improved in the surface in- 
spection system, and improvement of inspection accu- 
racy is achieved. 

[0106] Further, this is also effective to a case where 
a blue laser diode is used as the laser beam 2 and suf- 
ficient light amount cannot be obtained by a single laser 
beam. 

[0107] The arrangement of the plurality of light emit- 
ting sources is not limited to the form of matrix, and it 
may be in circular arrangement or other arrangement. 
It is essential that wavelength, polarization state and - 
light intensity of each light emitting source should be ad- 
justed so that a fiat reflectivity variation curve is ob- 
tained. 

[0108] The present invention provides a surface in- 
spection system for projecting a laser beam to a surface 
of a substrate and for detecting a foreign object by de- 
tecting scattered reflection light of the laser beam, com- 
prising a light source unit having a plurality of light emit- 
ting sources for emitting the laser beams, and a project- 
ing optical system for projecting the laser beam from 
each of the light emitting sources to the surface of the 
substrate so that reflection characteristics on the sub- 
strate surface differ from each other. As a result, it is 
possible to avoid the scattered reflection light from being 
influenced by the type of film or by film thickness on the 
substrate surface, and the inspection can be performed 
in stable manner and with high accuracy. 



Claims 

1 . A surface inspection system for projecting a laser 
beam to a surface of a substrate and for detecting 
a foreign object by detecting scattered reflection 
light of the laser beam, comprising a light source 
unit having a plurality of light emitting sources for 
emitting the laser beams, and a projecting optical 
system for projecting the laser beam from each of 
said light emitting sources to said surface of the 
substrate. 

2. A surface inspection system according to claim 1 , 
wherein said projecting optical system turns the la- 
ser beams to parallel beams having optical axes 
parallel to each other and projects the light beams 
to the surface of the substrate. 
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3. A surface inspection system according to claim 1 , 
wherein said projecting optical system comprises 
an image forming lens, and an optical member ar- 
ranged to match each of said light emitting sources 
and for projecting the laser beams from said light 
emitting sources to said image forming lens and 
preferably wherein the laser beam from at least one 
light emitting source is entered at a predetermined 
angle with respect to the optical axis of said image 
forming lens. 

4. A surface inspection system according to claim 3, 
wherein optical axes of the light beams entering 
said image forming lens from said light emitting 
sources are made parallel to each other or to an 
optical axis of said image forming tens. 

5. A surface inspection system according to claim 1 , 
3, or 4, wherein optical axis tilting means for tilting 
an optica! axis is provided on at least one optical 
axis of the light beams entering said image forming 
lens from said light emitting sources. 

6. A surface inspection system according to claim 1 , 
wherein said projecting optical system projects the 
laser beams from each of said plurality of light emit- 
ting sources so that projecting positions on the sub- 
strate surface are deviated from each other and 
preferably wherein the projecting positions are de- 
viated in a direction crossing a scanning direction.. 

7. A surface inspection system according to claim 3, 
wherein said projecting optical system has said im- 
age forming lens, and optical axis tilting means for 
tilting an optical axis is provided on at least one op- 
tical axis of the light beams entering said image 
forming lens from said light emitting sources or 
wherein said projecting optical system comprises 
one image forming lens, and an optical member ar- 
ranged to match each of said light emitting sources 
and for entering the laser beam from each of said 
light emitting sources to said image forming lens, 
and at least one of the optical axes of the laser 
beams entering said image forming lens from said 
light emitting sources is tilted with respect to the op- 
tical axis of said image forming lens. 



9. A surface inspection system according to claim 8, 
wherein at least one of said plurality of light emitting 
sources emits a light beam with different wave- 
length or wherein said projecting optical system 

5 comprises a polarizing member, and polarizing 
state of at least one laser beam of said plurality of 
light emitting sources is changed by said polarizing 
member or wherein said projecting optical system 
further comprises an image forming lens, and an 

10 optical member arranged to match each of said light 
emitting sources and for entering the laser beam 
from said light emitting source to said image forming 
lens. 

is 10. A surface inspection system according to one of the 
preceding claims wherein said light emitting sourc- 
es are arranged in form of matrix and preferably 
wherein, among said light emitting sources ar- 
ranged in form of matrix, an optical axis of the laser 

20 beam from a light emitting source belonging to a row 
or a column is tilted.. 

1 1 . A surface inspection system according to one of the 
preceding claims wherein said plurality of light emit- 

25 ting sources can independently change .light emit- 
ting condition. 

12. A surface inspection system according to one of 
claims 5 or 7, wherein said optical axis tilting means 

30 is a wedge prism, a reflection mirror. 

13. A surface inspection system according to claim 8, 
wherein each of said plurality of light emitting sourc- 
es has an optical path independently, and there is 
provided an optical path switching means on said 
optical path or wherein at least one of arrangement, 
wavelength, polarization state, or light intensity is 
adjusted in said plurality of the light emitting sources 
so that a flat reflectivity variation curve can be ob- 
tained. 



40 



8. A surface inspection system for projecting a laser 
beam to a surface of a substrate and for detecting 
a foreign object by detecting scattered reflection so 
light of the laser beam, comprising a light source 
unit having a plurality of light emitting sources. for 
emitting the laser beams, and a projecting optical 
system for projecting the laser beam from each of 
the light emitting sources to the surface of the sub- 55 
strate so that reflection characteristics on the sub- 
strate surface differ from each other. 
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